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REMARKS 

of the flT'o reSPeCtfU " y ™>»™*>° «" *. present ap p, ica tion in view 

of the foregcng amendments a0 d in view of the reasons which foilow. 

Claims ,-24 stand rejected. Ci a ims 9, 13. ,4 and 19 have been amended. No 
new matter is added in the amendments to the Cairns. Ciaims 9, 13 , 14 and 19 have 
been amended in a non-iimitin 9 fashion to more dearly recite the invention and to 
correct typographical errors. Accordingly. Claims 1-24 rema.n pending in the 

application. 

in paragraph 2 of to* Office Action, the Examiner has objected to the 
disclosure. Applicant, have provided the requested information and the amended 
speculation in accordance with the Examiner's suggestion. No new matter is added 
Accordingly, withdrawal of the objection of the specification is respectfully requested. 

In paragraphs 3-4 of the Office Action, claims 1, 9, 16 are provisionally rejected 
under the judicially created doctrine of obviousness-type double patenting as being 
unpatentable over claims 1, 9, 16 of co-pending Application No. 09/819,342 in view 
of US Pat. 5,876,903 {Ngj. The Examiner states: 

The instant invention discloses a method of trimming a 
resist pattern by modifying the patterned resist feature in 
an ion dominated environment. 

The instant claims disclose: modifying the top of the resist 
pattern in an ion dominated environment that renders the 
modified portion of the patterned feature more resistant to 
an etching operation than the lower portion; and using the 
difference in the etch rates to trim (the lateral dimensions 
of) the feature. Application to the fabrication of an 
integrated circuit with sub-lithographic dimensioned 
features is disclosed. 

The '342 application is directed towards a method of 
trimming a feature patterned on a photoresist after 
modifying the patterned resist feature with electron 
irradiation. 

The cited reference claims : modifying the top of the resist 
pattern, that renders the top portion of the patterned 
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trim IE f US,ng the difference in the etch rates to 

trim (the lateral dimensions of) the feat,.™ tk- + I • 

ixs^a? c 4tr ot tesch the use ° f icm --™ » 

w SUrfaCe ' ayer of a P a »ern ed resist 

feature may be hardened by ion bombardment,, which 
results in a virtual hard mask (2;28-36). The ion beam is 
directed towards the top aS well as the sidewalls to ^ en 
all the exposed surfaces equally and create a uniform 

th'Z .m ^ ( t :39 - 6 "- this reduces the 9tc hfng rate of 
the sides more than the top which is the intended goal of 
the invention (4;62-5;1 9). However selective hardening of 
the top of the feature by a directed beam is known in the 

9 it ■ 

Applicants respectfully traverse the rejection. However, to advance prosecution. 
Applicants have provided a terminal disclaimer attached hereto. Accordingly, 
withdrawal of the obviousness-type double patenting rejection is respectfully 

requested. 

In paragraphs 5 and 6 of the Office Action, Claims 9-1 5 and 1 9 are rejected 
under 35 USC s 112, second paragraph. The Examiner states: 

Claims 9 13 and 14 recite the limitation "the ashing step" 
in lines 13, 23 and 26 respectively. There i B insufficient 
antecedent basis for this limitation in the daim. 

While resist trimming may be performed by ashing this is 
not defined in any of the steps and makes the claims vague 
and indefinite. This rejection may be overcome by 
rephrasing claim 9 to recite "an ashing step" in line 13. 
Claims 10-12 end 15 depend directly or indirectly from 
clarm 9. 

Claim 19 recites the limitation that "top portion has a 
negligible etch rate". The term "negligible" is a relative 
term not well defined and makes the claim vague and 
.ndef.nrte. The specification discloses etch rates that are 

/o 1 0-' Z«1° W ! r th * n u untre ^d ^ist ^ being negligible 
P. 10 #0036) and another measure suggests 10% - 50% 
loss of vertical height (p.13;#0044) as being negligible 
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Applicants have amended Claims 9 1^ , 1ft . 

a,rTls y ' l3 ' 14 and 19 m accordance with the* Fvami^ - 
ideations. According. withdrawa| Qf the reject|on ^ . 

respectfully requested. 9 ,S 

-n paragraph 7 of the 0ffice Ac , on C|ajms re . ected ^ 

103 as bemg unpa.entab.e over U.S. P atent No . 5 , 962>1g5 jn vjew " 
Paten No . 6 , 20 0,303 ( Oh, and ^ Patent No . , ( ^ 



Yen teaches a method of trimming a resist pattern to form 

to Z 9at8 T ^ FET ' C ° ntr0 ' of ,ine widths is or* ™, 
to the process. A res.st layer (22) is formed on an (ARC) 
ant.-reflect-ve coating (20) formed over a gate stack (Rg 
V T . he \ res,st ,s P atterne[ l with a width W1 larger than the 

Z 3, e Kv 9at - 8 r idth< The feSist feature is V**™ 
<Hg.3) by a plasma pretreatment" {9;10-10;5|. The pre- 

aZ^Tc** 0 * 0 * the resist to a flood ° f i0 "* comprising 
Ar + and F + ,«,„■. The hardened resist pattern and the 
ARC are plasma etched. The lateral etch rate is greater 
wwrh T 08 ! BtCh rate (1 °; 6 - 35 '; «« a result the pattern 

to T ^ 8d , UCed T W2 (R9 ' 41 • This pattern is transferred 
to the gate layer by anisotropic etching to preserve the 

reduced gate width and pattern height integrity (Figs. 5-6) 
The res,st and ARC are removed (Fig.7). Yen patterns 
features with near UV (365nm) radiation to form sub- 
lithographic dimensioned gates. Etch bias of 145 nm is 
reported (16;5-14) 

Yen does not teach modifying the trim rate with the dose 
?, £ , '° ns , (cU) or tne e nergy and mass of the ions 
(cl.5,15). It does not teach implanting Ar + , F+ or Kr + 

feat It 17 ' 20 ' 2 , 1) " d ° aS nDt tSach » a » e ™9 150 nm 
features using deep UV radiation or removing the top of 

the resist before etching the substrate (cl,22-23), 

to rlnnf M Ar+ !T lamati °n ir «° Patterned resist features 
to reduce the etch rate. The resist pattern is formed on a 

frr^tr H 6 (R9 - 5 ' The patt8rned fe « U res are 

irradiated with Ar+ ions (Fig.6). The implantation 

parameters include the angle, dose and depth (3;24-53). 

Oh teaches that the resist is significantly etched in the 

vertical dimension (cl.22) during transfer of pattern to the 

substrate (Fig. 7 & 4;1-17). 
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Oh does not teach modifying the etch rate with the dose 

hLm'h" h* t6aCheS hardenin 9 ■ polyimide resin layer by ion 
H.l„, ?"* ? minirniza etchant attack. The etch rateTs 

varied TT *° 1 1 The etc * rete may be 

varied by the mass and energy of the ion (3;10-1 8). It I. 

App.icants respectfuliy traverse the rejection. Yen, Oh, an d Uchivama are referred to 
bolow as the cited art. 

Each of the independent claims recites a method in which a patterned 
Photoresist feature IS treated to have a modified top portion and then trimmed to a 
sonographic dimension. The trimming step involves different etching rates due to 
the modified top portion. Claim 1 recites; 

modifying the top portion of the feature ... and trimming 
the feature to form a trimmed feature, wherein a vertical 
trim rate and a lateral trim rate are associated with the 
feature and the vertical trim rate is slower than the lateral 
trim rate due to the modified top portion 

Claim 9 recites: 

modifying the patterned photoresist layer to form a top 
portion . . the top portion having a top etch rate and the 
bottom portion having a bottom etch rate, wherein the top 
etch rate is drfferent from the bottom etch rate; and 

trimming the patterned photoresist layer to change the at 
least one feature to have a sub-lithographic lateral 
dimension . , , . 

Claim 1 6 recites: 

changing at least a portion of the photoresist layer, 
wherein a top portion of the feature patterned on the 

W ifi . ch9naed to have a different etch rate 
from a bottom portion of the feature patterned on the 
photoresist layer; 

luh ^nn* 8 !!"?™ patterned or » th * Photoresist layer to a 
sub-lithographic dimension, 
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lor 0 " 6 ' 'T ^ C,8imS 1 ' 9 1 6 re0it6S ^ where . top 

Pomon .modified so that the photoresist fegture hgs g vertjca| P 

the iatera. etch rate. An embodiment of thflse process steps desorjbfld 

refers t0 FIGURES 4 end 5 from page 10 to page 13 0 f the present patent 
application. 

Such a feature is not shown, described or suggested in the cited art The 
Examiner relies on Yen to teach a trim etching step in which the lateral etch rate is 
greater than the vertica. etch rate. However, the portion of Yen cited by the Examiner 
does not show, describe or suggest such a feature. Yen does not mention different 
late ral end vertical etch rates, indeed, from the figures of Yen, it appears as though 
the vertical etch rate is greater than the lateral etch rate. Indeed. Yen re| ies on a two 
layer photoresist structure in which the blanket focusing layer has a greater lateral etch 
rate than the photoresist feature. Yen even discusses that a photoresist feature may 
be undercut due to this increased lateral etching, thereby indicating that Yen desires a 
small lateral etching rate for the photoresist feature Therefore, Yen cannot provide a 
suggestion for the differing etch rates due to the modified top portion. 

Oh does not even mention trim etching. Indeed. Oh merely utilizes the 
lithographically patterned layer to etch an underlying layer. The treatment process is 
used to provide etch resistance during the etch step, not during a trim etching process 
The etch step is for the underlying layer. See Oh, FIGURES 7 and 8. Indeed, Oh ev en 
discusses treatment at an angle to treat sides of the photoresist pattern. Therefore 
Oh cannot provide the suggestion for the differing etch rates due to modification of the 
top portion. 

Applicants respectfully submit that Uchiyama does not provide any suggestion 
for the treatment of the photoresist layer. Indeed, only one photoresist layer is 
mentioned for lithographic patterning in Uchiyama and that is layer 32. However, layer 
32 is never trim etched or treated. Only polyimide layer 28 is treated. Applicants 
respectfully submit that the Examiner cannot take a polyimide layer in Uchivama wh,ch 
is not ut,l,zed in any lithographic patterning step and then substitute that polyimide 
layer into a lithographic pattern step in Yen and Oh. This is especially true when 
Uchjyjjrna does not provide any suggestions for treating its photoresist layer which is 
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at .ea s t two layers above the polyimide layer. Therefore. Uchiyarn, cannot provid 

s^^on for tn. differin9 etching rates due to the modif ^ 7o ;; n not ^ 

Further, App.icants submit that Oh and Yen teach away from the present 

t Z7' diSCUMed abOVB ' t8aCheS fr ° m '-ntion because 

teach- tha use of angled treatment. See Oh column 3, iines 31-39. Angled 

treatment, wou.d ensure that ,atara, sides are treated and different etching rates would 

not be achl eved. Simi.ar.y, Yen teaches the use of a second layer, a b.anket focusing 

layer, to achieve sub-Hthographic dimensions Using two layer, teaches away from the 

medication principle of the present invention. Indeed, Yen is comply ignorant of 

the advantages of modifying a single photoresist layer. 

As discussed above, the cited art does not provide a suggestion for the features 
recited in Claims 1-20. ,„ fact . Oh and Yen even teach away from the present 
mvention. Accordingly, it is respectfully submitted that independent Cla.m 1 and its 
dependent Claims 2-8 and independent Claim 9 and its dependent Claims 10- 15 and 
independent Claim 16 and its dependent Claims 17 -20 are patentable over the cited 



art. 



Applicants believe that the present application is now in condition for 
allowance. Favorable reconsideration of the application as amended is respectfully 

requested. 

The Examiner is invited to contact the undersigned by telephone if it is felt that 
a telephone interview would advance the prosecution of the present application. 

Respectfully submitted, 



Date 



By 



FOLEY & LARDNER . A . M ,. u 

777 East Wisconsin Avenue SIVa^ 

Milwaukee, Wisconsin 53202^5367 Attorney for Applicant 

Telephone: (414) 297-576^ tarpon No, 35,421 
Facsimile: (414) 297-4900 
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MARKED UP VERSION SHOWING CHANGES MADE 

In the Specification. 

10001] The present application is related to U.S. Application No 

J 09/811^692 (Atty. Dkt. No. 3 91 53/404, by Okoroanyanwu et 
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4 

5 
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8 



L Zb 7? Preventin9 Deformation of Panerned p — ^ 

Electron Beam Stabilization.- U.S. A pp , icat i on No . ( } QB/B2Q 

(Atty. Dkt. No. 3 9153 /405, by Okoroanyanwu et a,., entitled "ImproJn^T 
inspection and Analysis of Patterned Photoresist Features;" U.S. Appiication No 

I J 09^344 (Atty. Dkt. No. 39153/406, by Okoroanyanwu et a.. 

entrtled "Process for Reducing the Critical Dimension, of Integrated Circuit Device 
Features;- U.S. Application No . , , ^ ^ ^ 

391 53/403, by Shie.ds et al., entitled -Process for Forming Sub-Lithographic ' 
Photoresist Features by Modification of the Photoresist Surface;- and U.S. Application 

I! 0 ' ' 1 Bmi^MZ (Atty. Dkt. No, 39153 /310, by Gabrie, et a,., entit.ed 

Process for Improving the Etch Stability of Ultra-Thin Photoresist," all f ile d on an even 
date herewith and assigned to the Assignee of the present application. 

In the Claims: 



1 9. 
z comprising: 



(Amended, An integrated circuit fabrication process, the process 

deve.oping a patterned photoresist layer, the patterned photoresist layer 
including at least one feature; 

modifying the patterned photoresist .ayer to form a top portion and a 

he bottom portion having a bottom etch rate, wherein the top etch rate is different 
from the bottom etch rate; and 

• trimming the patterned photoresist .ayer to change the a, least one 

Mature to have a sub-lithographic lateral dimension, whereby a sufficient vertica. 
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r^rr s , ts to maintain pattern integritv ' ^ *• - P h P e rformed 

after the develops step and before the r«Wn 0 I trimming step. 



1 13. 

2 



(Amended) The process of claim , 2 , wherein . majority of the top 

vr ,,y trimmed bo,,om pon,an c °— « — - - 

c-mp^on of the tashing, n^ step , tn(J ^ ^ 

the sonographic letera, dimension and the sufficient vertice, thickness to meintai 
° pattern integrity. 



14. fAmended) The process of claim ^ 3, furthar comprlsing removjng ^ 
majonty of the top portion after the [ashing] modifying step to form a trimmed future. 

19. (Amended) The process of c.aim 1 8, wherein the top portion h as [a 
negl.gible] hasjn etch rate 15 -70% slow .r than an nnt r »^ , toh rate nf thA 
photpresist layer during the trimming step. 
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